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1 ARIES: a transaction recovery method supporting fine-granularity locking and partial 
rollbacks using write-ahead logging 

C. Mohan, Don Haderle, Bruce Lindsay, Hamid Pirahesh, Peter Schwarz 
March 1992 ACM Transactions on Database Systems (TODS), volume 17 issue l 
Publisher: ACM Press 

Additional Information: full citation , abstract , references , citings , index 
terms , review wt 

DB2TM, IMS, and TandemTM systems. ARIES is applicable not only to database 
management systems but also to persistent object-oriented languages, recoverable file 
systems and transaction-based operating systems. ARIES has been implemented, to 
varying degrees, in IBM's OS/2TM Extended Edition Database Manager, DB2, Workstation 
Data Save Facility/VM, Starburst and Quicksilver, and in the University of ..Wisconsin's 
EXODUS and Gamma d v.r . : 

Keywords: buffer management, latching, locking, space management, write-ahead 
logging . ■ a ^u: 

:.;i<? nc 

2 B-tree concurrency control and recovery in page-server database systems 
Ibrahim Jaluta, Seppo Sippu, Eljas Soisalon-Soininen 

March 2006 ACM Transactions on Database Systems (TODS), volume 3 tissue i~ 
Publisher: ACM Press 

Full text available: ^ pdf(401.86 KB) Additional Information: full citation , abstract , references , index terms 

We develop new algorithms for the management of transactions in, a page-shipping client- 
server database system in which the physicalydatabaseris> organized as a ; sparse B-tree 
index. Our starvation-free fine-grained locking protocol combines adaptive callbacks with 
key-range locking and guarantees repeatable-read-levei isolation (i.e., serializability) for 
transactions containing any number of record insertions, record deletions, and key-range 
scans. Partial and total rollbacks of client transactio ... 
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Keywords: ARIES, ARIES/CSA, B-tree, cache consistency, callback locking, client-server 
database system, data shipping, key-range locking, page server, partial rollback, 
physiological logging, sparse B-tree, structure modification 
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Garbage collection for a client-server persistent object store 
Laurent Amsaleg, Michael J. Franklin, Olivier Gruber 

August 1999 ACM Transactions on Computer Systems (TOCS), volume 17 issue 3 
Publisher: ACM Press 

Full text available: ^ odf(267.18 KB) Additional information: full citation , abstract, references , citings, index 

terms , review 

We describe an efficient server-based algorithm for garbage collecting persistent object 
stores in a client-server environmnet. The algorithm is incremental and runs concurrently 
with client transactions. Unlike previous algorithms, it does not hold any transactional 
locks on data and does non require callbacks to clients. It is fault-tolerant, but performs 
very little logging. The algorithm has been designed to be integrated into existing 
systems, and therefore it works with standard i ... 

Keywords: client-server system, logging, persistent object-store, recovery 



4 The relational model for database management: version 2 
E. F. Codd 

January 1990 Book 

Publisher: Addison-Wesley Longman Publishing Co., Inc. 

Full text available- 155 pdf (28 61 MB) Addjtiona ' Information: full citation , abstract , references , citings , index 
• |£j • terms , review 

From the Preface (See Front Matter for full Preface) 

.car Sy_ t^ iii- (TOCC) ( ■;.•»•.• - r< :^u< 
An important adjunct to precision is a sound theoretical foundation. The relational model 
is solidly based on two parts of mathematics: firstorder predicate logic and the theory of 
relations. This book, however, does not dwell on the theoretical foundations, but rather on 
all the features of the relational model that I now perceive as important for database 
users, and therefore for DBMS vendors. My perceptions result'fronr 20 y-.'.l 1 -* 

5 DLFM: a transactional resource manager .7 _ „ I 
Hui-I Hsiao, Inderpal Narang . : -s',-ic, ;u -iterated mto exiv. . 
May 2000 ACM SIGMOD Record , Proceedings of the 2000 ACM SIGMOD international 

conference on Management of data SIGMOD '00, volume 29 issue 2 
Publisher: ACM Press , 

Full text available: " PlpdfM 24.99 KB) Additional Information: full citation, abstract, references, citings, index 
^ : . terms 

The DataLinks technology developed at IBM Almaden Research Center and now available 
in DB2 UDB 5.2 introduces a new data type called DATALINK for a database to reference 
and manage files stored external to the database. An external file is put under a database 
control by "linking" the file to the database. u Cqntrol to a file can also be removed by 
"unlinking" it. The technology provides transactional semantics with respect to linking or 
unlinking the file when DATALINK ... 

High level specification of concurrency control in distributed database systems | 
L Chiu, M.T. Liu 

April 1988 Proceedings of the 10th international conference on Software engineering 
ICSE '88 

Publisher: IEEE Computer Society Press 

Full text available: fjj l pdf(1 .00 MB) Additional Information: full citation : abstract'Veferences . index terms 

10 . ' .-iy per'v : viG. ,s r. -sui.. rrr .n* ~ y ; . 

Concurrency control is one of the major issues in database systems; therefore, many 
concurrency control algorithms based on different strategies have been proposed. 
Unfortunately there is still lack of a general model for describing these algorithms. Hence, 
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algorithms cannot be uniformly presented, which makes it hard to understand them and 
to prove their correctness. This paper proposes a high level specification, based on an 
object-oriented model, of concurrency control algorithms. Concur ... 

D ynamic voting algorithms for maintaining the consistency of a replicated database j 
S. Jajodia, David Mutchler 

June 1990 ACM Transactions on Database Systems (TODS), volume 15 issue 2 
Publisher: ACM Press 

Full text available: ffi pdf(4.07 MB) Additional Information: full citation, abstract, references, citings, index 
• LAj p terms , review 

There are several replica control algorithms for managing replicated files in the face of 
network partitioning due to site or communication link failures. Pessimistic algorithms 
ensure consistency at the price of reduced availability; they permit at most one 
(distinguished) partition to process updates at any given time. The best known pessimistic 
algorithm, voting, is a "static" algorithm, meaning that all potential distinguished 
partitions can be listed in adv ... 

Concurrency control and recovery for balanced B-link trees j 
Ibrahim Jaluta, Seppo Sippu, Eljas Soisalon-Soininen v 

April 2005 The VLDB Journal — The International Journal on Very Large Data Bases, 

Volume 14 Issue 2 

Publisher: Springer-Verlag New York, Inc. 1 . 

Full text available: ^ pdf(302.02 KB) Additional Information: full citation , abstract , citings ' v£,< " 

In this paper we present new concurrent and recoverable B^link-tree algorithms. Unlike 
previous algorithms, ours maintain the balance of the B-link tree at all times, so that a 
logarithmic time bound for a search or an update operation is guaranteed under arbitrary 
sequences of record insertions and deletions. A database transaction can contain any 
number of operations of the form "fetch, the first (or next) matching record", "insert a 
record", or "delete a reco ... 

Keywords: Concurrency control, Recovery transaction, Tree-structuremodifications 



9 A structured approach for the definition of the semantics of active databases 
Piero Fraternal!, Letizia Tanca-'"^ '^- CuJ -'cijcuiia/; ii.*y. permit a most u.» ■ 
December 1995 ACM Transactions on Database Systems (TODS)/ volume 20 issue 4 
Publisher: ACM Press 

Full text available: fS?lpdf(4.15 MB) Additional Information: full citation , abstract , references . cjtings, index 

. terms , review 

Active DBMSs couple database technology with rule-based programming to achieve the 
capability of reaction to database (and possibly external) stimuli, called events. The 
reactive capabilities of active databases are useful for a wide spectrum of applications, 
including security, view materialization, integrity checking and. enforcement, or , 
heterogeneous database integration, which makes this technology very promising for the 
near future. An active database system consists of ... 

Keywords: active database systems, database rule processing, events, fixpoint 
semantics, rules, semantics ■., Jo <:■■.- v-i.--u.cion is guaranteed u: 

10 Model and verification of a data manager based on ARIES 
Dean Kuo , . „.„ , , r , ( , rrh . ^ , . - url;urA nK , (; . r ... ,. t : 
December 1996 ACM Transactions on Database Systems (TODS), volume 21 issue 4 

Publisher: ACM Press 
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Full text available: -Q pdf(813.93 KB) Additional Information: full citation , abstract , references , citings , index 

terms , review 

In this article, we model and verify a data manager whose algorithm is based on ARIES. 
The work uses the I/O automata method as the formal model and the definition of 
correctness is defined on the interface between the scheduler and the data manager. 

Keywords: ARIES, I/O automata, system failures • 



11 Synchronization and recovery in a client-server storage system 
E. Panagos, A. Biliris 

August 1997 The VLDB Journal — The International Journal on Very Large Data 

Bases, Volume 6 Issue 3 
Publisher: Springer-Verlag New York, Inc. 

Full text available: ^ pdf(205.25 KB) Additional Information: full citation , abstract , citings , index terms 

Client-server object-oriented database management systems differ significantly from 
traditional centralized systems in terms of their architecture and the applications they 
target. In this paper, we present the client-server architecture of the EOS storage 
manager and we describe the concurrency control and recovery mechanisms it employs. 
EOS offers a semi-optimistic locking scheme based on the multi-granularity two-version 
two-phase locking protocol. Under this scheme, multiple concurrent reade ... 

Keywords: Checkpoint, Client-server architecture, Object management, Concurrency 
control, Locking, Logging, Recovery, Transaction management 
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12 A Survey of Techniques for Synchronization and Recovery in Decentralized 
Computer Systems ■ 
Walter H. Kohler " ' ''' 

June 1981 ACM Computing Surveys (CSUR),- volume 13 issue 2 
Publisher: ACM Press 

Full text available: ^ pdf(3.33 MB) Additional Information: full citation , references , citings , index terms 

* - : s, v :ri.3ticP7i! J>o*^ or. Very Lartj.* 

13 Partitioned two-phase locking 
Meichun Hsu, Arvola Chan 

December 1986 ACM Transactions on Database Systems (TODS), volume u issue 4 

Publisher: ACM Press , ' . \ if Vr^' 1 anti tin :: . . 

Full text available* 1 SDpdf(1.31 MB) Additional Information: full citation , abstract , references , citings , index 
^ * c. terms , review r c . ^' 

In a large integrated database, there often exists an "information;^ both 
raw data and derived data are stored and used together. Therefore, among update 
transactions, there will often be some that perform only read accesses from a certain 
(i.e., the "raw" data) portion of the database and write into another (i.e., the "derived" 
data) portion. A conventional concurrency control algorithm would have treated such 
transactions as regular upda ... 

14 Concurrency control: methods, performance, and analysis 
Alexander Thomasian 

March 1998 ACM Computing Surveys (CSUR), .volume 30 issue i 
Publisher: ACM Press 

Full text available: 1 ||pdf(427.18 KB) Additional Information: full citation , references , citings , index terms 
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Keywords: Markov chains, adaptive methods, concurrency control, data contention, 
deadlocks, flow diagrams, load control, optimistic concurrency control, queueing network 
models, restart- oriented locking methods, serialiazability, thrashing, two-phase locking, 
two-phase processing, wait depth limited methods 



1 5 Highly concurrent cache consistency for indices in client-server database systems 
Markos Zaharioudakis, Michael J. Carey 

June 1997 ACM SIGMOD Record , Proceedings of the 1997 ACM SIGMOD international 

conference on Management of data SIGMOD '97, volume 26 issue 2 
Publisher: ACM Press 

Additional Information: full citation , abstract , references , citings , index 



Full text available: , , . 

test ^ terms 

In this paper, we present four approaches to providing highly concurrent B+-tree indices 
in the context of a data-shipping, client-server OODBMS architecture. The first performs 
all index operations at the server, while the other approaches support varying degrees of 
client caching and usage of index pages. W 4 e have implemented the four approaches, as 
well as the 2PL approach, in the context of the SHORE OODB system at Wisconsin, and 
we present experimen ... 

16 Database theory, technology and applications (DTTA): 1-2PC: the one-two phase 
atomic commit protocol , 
Yousef J. Al-Houmaily, Panos K. Chrysanthis 

March 2004 Proceedings of the 2004 ACM symposium on Applied computing SAC '04 

Publisher: ACM Press ( ;ett. J: 

Full text available: ^ pdf(204.82 KB) Additional Information: full citation , abstract , references , index terms 

This paper proposes a one-phase, two-phase commit (1-2PC) protocol that can be used to 
atomically commit Internet transactions distributed across sites in a wide area network. 
The 1-2PC protocol is characterized by its ability to dynamically select between one-phase 
and two-phase atomic commit protocols depending on the behavior .of transactions and 
the system requirements. Thus, it offers the performance advantages of the one-phase 
atomic commit protocol whenever possible, while still providing ... 

Keywords: Internet transactions, atomic commit protocol 



17 ReVive: cost-effective architectural support for rollback recovery in shared-memory 

^ multiprocessors :: •;•*•. : v. v\'v hisvj •M:o;errc::leci the four tor 

^ Milos Prvulovic, Zheng Zhang, Josep Torrellas * ! i - v \\ - 

May 2002 ACM SIGARCH Computer Architecture News , Proceedings of the 29th 
annual international symposium on Computer architecture ISCA '02 , 
Proceedings of the 29th annual international symposium on Computer 
architecture ISCA '02, volume 30 issue 2 % ' ' ' v " ' 
Publisher: IEEE Computer Society, ACM Press 

Full text available: ^ 3Q AdditionaMnformation: full citation, abstract, references , citings , index 

Publisher Site tenns 

This paper presents ReVive, a novel general-purpose rollback recovery mechanism for 
shared-memory multiprocessors. ReVive carefully balances the conflicting requirements of 
availability, performance, and hardware cost. ReVive performs checkpointing, logging, 
and distributed parity protection, all memory-based. It enables recovery from a wide class 
of errors, including the permanent loss of .an f entire node. Jo? maintain, high* performance, 
ReVive includes specialized hardware that performs freguent o\\.^ t 
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Keywords: fault tolerance, shared-memory multiprocessors, rollback recovery, recovery, 
BER, logging, parity, checkpointing, availability 



18 Crash recovery in client-server EXODUS 
Michael J. Franklin, Michael J. Zwilling, C. K. Tan, Michael J. Carey, David J. DeWitt 
June 1992 ACM SIGMOD Record , Proceedings of the 1992 ACM SIGMOD international 

conference on Management of data SIGMOD a 92 r volume 21 issue 2 
Publisher: ACM Press 

Full text available* 153) Ddfd 50 MB) Additional Information: full citation , abstract , references , citings , index 
'™ terms 

In this paper, we address the correctness and performance issues that arise when 
implementing logging and crash recovery in a page-server environment. The issues result 
from two characteristics of page-server systems: 1) the fact that data is modified and 
cached in client database buffers that are not accessible by the server, and 2) the 
performance and cost trade-offs that are inherent in a client-server environment. We 
describe a recovery system that we have implemented for the client-ser ... 

19 Paper session DB-1 (databases): networks and peer-to-peer: Decentralized 
^ coordination of transactional processes in peer-to-peer environments 

^ Klaus Haller, Heiko Schuldt, Can Turker 

October 2005 Proceedings of the 14th ACM international conference on Information 
and knowledge management CIKM '05 !' KK - 

. Publisher: ACM Press ^uay 

Full text available: pdf(369.47 KB) Additional Information: full citation , abstract , references , index terms 

Business processes executing in peer-to-peer environments usually invoke Web services 
on different, independent peers. Although .peer^to^peer environment^ lack 
global control, some business processes nevertheless require global, transart^ 
guarantees, i.e., atomicity and isolation applied at the level of processes. This paper 
introduces a new decentralized serialization graph testing protocol to ensure concurrency 
control and recovery in peer-to-peer environments. The uniqueness oft ... 

Keywords: DSGT, decentralized coordination, global correctness, partial rollback, peer- 
to-peer communication, transactional processes ■ <■ ' 

20 A new approach to developing and implem'ent^ * | 
protocols . '. . 
Bettina Kemme, Gustavo Alonso 

September 2000 ACM Transactions on Database Systems (TODS), volume 25 issue 3 
Publisher: ACM Press 44 r ' ~ ; " : - - 

Full text available: f g| pdf(449.43 KB) AddltionaI Information: full citation , abstract , references , citings , index 

s terms , review 

Database replication is traditionally seep as a way to increase the availability and 
performance of distributed databases. Although a large number of protocols providing 
data consistency and fault-tolerance have been proposed, few of these ideas have ever 
been used in commercial products due to their complexity and performance implications. 
Instead, current products allow inconsistencies and often resort to centralized approaches 
which eliminates some of the advantages of replication. As an .:. lG!H n ' 

• i- - * •yjvertho'pss require global trahsoctic 

Keywords: database replication, fault-tolerance, group communication, isolation levels, 
one-copy-serializability, replica control, total error multicast 
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Abstract 

This paper addresses the problem of transaction management in multidatabase systems where the 
participating local DBMSs serialize transactions by. 2 phase-locking (2PL) and synchronize their 
commit actions through a 2 phase-commit (2PC) protocol. These DBMSs represent the majority of 
commercial relational and object-oriented DBMSs. We demonstrate that if local DBMSs support strict 
2PL optimization (i.e., relax the read locks during the prepare phase of the 2PC protocol), then 
schedules of parallel global transactions may become non-globally serializable. X/Open distributed 
transaction processing protocol avoids. the problem by adding a blpcking synchronization; phase at 
transaction end, thereby loosing the whole benefit of strict 2PL. This paper proposes two strategies to 
preserve the benefit of strict 2PL while ensuring correct executions. 
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Replication in distributed database systems is discussed. Replication makes transparent the problems 
of remote access delays and the management of data redundancy. The commercial market for 
distributed database features has been slowly building over the years, beginning with simple remote 
access gateways. Today, replication appears to deliver on the 1980s ideal, with a robust asynchronous 
infrastructure. Current commercial technology though, continues to fall short of that ideal. 
"Asynchronous replication' is a pleasant term to describe the operation of a distributed database 
running without concurrency control. In practice, DBMSs which use locking mechanisms in local 
operation are connected into replication networks without benefit of a global serialization mechanism, 
such as a synchronous 2-phase commit protocol, the notion of a transaction is thus compromised. 
Four properties, atomicity, consistency, isolation and durability (ACID), have come to define a 
transaction system. With asynchronous replication, there is no isolation of transactions. Transactions 
run in parallel without any guarantee that a transaction sees the most current state of the database 
before making an update. Updates then, are not serialized. One of the many benefits derived from the 
ACID properties is a serial history of transaction Execution; an absolute necessity to satisfy audit 
requirements in regulated industries. Without a serial history, it is impossible to reliably state who 
updated a database from state N to state N+I. Not all replication systems guarantee a serial history. 
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Eleven two-phase commit (2PC) protocol variations that optimize towards the normal case are 
described and compared with a baseline 2PC protocol. Environments in which they are most effective 
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Explores atomic commitment among heterogeneous distributed databases. Two cases are considered, 
one where the individual databases participating in the system do not externalize their commit 
protocols, and one where the participating databases do externalize their commit protocols. With 
regard to the latter case, I propose new heterogeneous commit protocols, one for joining databases 
that have different 2- phase commit protocols, and one for uniting databases which employ a 3- 
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In designing a heterogeneous database systems, one of the main technical challenges is developing 
techniques for ensuring global commit. That is, guaranteeing that a transaction spanning multiple 
individual database management systems (DBMSs) either commits at all the participating DBMSs or at 
none of them. Previous work in this area typically assumes that the participating DBMSs do not provide 
a mechanism for interacting with their commit facilities. While this is true in many cases, in practice 
there are systems which support a programmatic interface to their commit protocols. We refer to 
database systems offering such facilities as externalized commit DBMSs. The focus of this paper is on 
commit protocols for these systems. We propose two new commit protocols for externalized commit 
DBMSs. The first may be used to obtain global commit in heterogeneous database systems composed 
of DBMSs with different 2-phase commit protocols (e.g., centralized and linear). The second protocol 
is more general, and ensures global commit even if the participating DBMSs employ 3- phase 
commit protocols. The more general protocol also preserves database autonomy, since it does not 
block a DBMS upon failure of another system. We describe both protocols in detail and prove their 
correctness. 
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Transaction management for federated database systems (FDBSs), where each participating DBMS is 
autonomous, supports global transactions that can access more than one database. A number of 
concurrency control algorithms exist for the failure-free environment. Handling transaction failure, due 
to concurrency control or site related reasons, becomes especially difficult in the presence of 
autonomy. Due to local autonomy, carrying out 2-phase commit may not be possible. This can be 
simulated by providing a server on top of the pre-existing DBMS at each site, which is responsible for 
submitting the local operations to the associated DBMS and communicating with the transaction's 
originating site. In this paper we formalize the problem of ensuring transaction consistency in an FDBS 
environment in the presence of failure. The key problem is that due to autonomy, the local DBMS and 
FDBS may have different views of an execution sequence generated at a site. Local recoverability is 
identified as the property of local execution sequences necessary for correctness. The other main 
problem is of guaranteeing that the various locally recoverable histories are consistent with each other. 
These identified properties are necessary and sufficient conditions for the correctness of FDBS recovery 
algorithms, and can be used to evaluate the correctness of the proposed algorithms. This paper also 
presents an FDBS recovery algorithm that has been, proved to be correct. Formal proofs of all 
properties and a comparison of different algorithms are provided. 
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To ensure atomicity of transactions in distributed systems so-called 2-phase commit (2PC) protocols 
have been proposed. This paper proposes a family of 2PC protocols that tolerate any number of 
omission failures at trusted nodes and any number of commission and omission failures at nontrusted 
nodes. The proposed protocols ensure that (at least) the trusted nodes participating in a transaction 
eventually terminate that transaction in a consistent manner. Unlike Byzantine commit protocols, the 
protocols do not incorporate mechanisms for achieving Byzantine agreement, which has advantages in 
terms of complexity: the protocols have the same or only a slightly high message complexity than 
traditional 2PC protocols. 
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